The mobility of ion in superfl.uid 'He-B and -A is calculated near the transition temperature and absolute zero, taking into account the ionic recoil and using the low temperature approximation for the Van Hove scattering function of an ion.
The mobility of ions is calculated by the present authorv and Bowley 21 by assuming the scattering of the quasi-particle to be elastic and the ion to be recoilless. They showed the increase of the mobility below the transition temperature. The experiment by Ahonen, Kokko, Lounasmaa, Paalanen, Richardson, Schoepe and Takano 3 l discovered much larger increases and more so for the B-phase than the A-phase below the transition temperature, and revealed the underestimate of both the theory. In this work we take into account of the recoil effect of the ion m the calculation of the mobility similar to the treatment of Bowley 41 in 3 He- 4 He.
The rate of the momentum transfer at an ion \vith velocity V by the scattering of the quasi-particles in superfluid 3 He is giYen by the following equation:
where r -v(k;, kf) corresponds to the transition probability for the quasi-particle to go to state lkh E 1 ) from lk;, E;) with the background fluid moving with velocity -V and n; is the Fermi distribution function of the quasi-particle. If the change in position of the ion during a scattering is small compared to the inverse of the momentum transfer q=lki-k1 1, we can express T_v(k;,k1) by the Van Hove scattering function Sv(q, ()) = tz-1 (E;-E 1 )) and the scattering amplitude T' (k;, k 1 ) of the quasi-particle in the superfluid state, for which we use t-matrix to avoid the difficulty by using the Born approximation as shown in the Appendix:
where p(1<1) is the density of states of quasi-particle states at 1? 1 and m is the mass of 3 He. The factor of 2 in Eq. (1) comes from the sum over the spin states.
We simplify the expression of the momentum transfer equation (1) 
where f; is the energy, measured from the Fermi energy, of the quasi-particle in the normal state, and !2; and !2 1 are the solid angle of k; and k 1 taking the direction of V as the polar axis.
The rate of momentum transfer, (3) balances with the electric field eE and we equate it "'ivith eV/fJ., thus defining the mobility /).. The mobility fJ. is given by the following equation:
We denote the inonic mass as Jlvf. Then S.(q, w) is given by
We write the scattering amplitude of quasi-particles, T 8 (k,, ki) in terms of the normal scattering amplitude TN and the Bogoliubov transformation,
where u, and 'Uj are the transformation coefficients. Thus IT 8 (k,, k 1 ) 1 2 can be expressed as the product of ITN(k,, ki) 1 2 and the following coherence factor, 1 l if TN is real:
and we write ITN(k,, k 1 ) 1 2 as !J(k,, k 1 ), which is related to the normal scattering cross section. L1 and E are the energy gap and the quasi-particle energy in Eq. (7).
We first treat the case near Tc for the B-phase. We find that (E,
We integrate the integrand of Eq. ( 4) over E,, introduce a new variable 1V=/3(E,-E 1 ), and we also expand Sv(q, w) (1-exp( -{3/iqV)) in powers of V. Then, by assuming IJ(q, k 1 ) to be independent of E,, the mobility is given as follows:
T. Soda
We note that the momentum transfer satisfies the following relationships, q' = ki' + k/-2kikf cosO and q dq = kikf sinO dO, where (} is the angle betvveen ki and k 1 . Near Tc the mobility satisfies the equation
The dominant part of the 1V integration comes when the value of exp (-.Z\!I~V' /2(3q') is large. Thus we find that the quantity in the last bracket of Eq. (9) is 1-(1/2) (311. Therefore we find the following result, by denoting fh; to be the normal mobility with the recoil effect:
which is the same result as that by the Bowley's treatment') of a recoilless 10n
near Tc. Now we treat the case of the A-phase near Tc, where the energy gap is given by .::1 cei) = .J3/2L1 sin oi and oi is the angle between the vector ki and the orbital vector l. Near Tc it turns out that we obtain the mobility expression by replacing L1 in Eq. (8) by L1 ((}i) and replace the angle integral kik 1 
We perform the angle integration as Bowley'> did in deriving his results for an ,'1~\ taking account of narrowing of the integration region of (} due to the limitation of sin e<sin (}0 =E/ ( .J3/2L1). If Vis parallel to the gap axis, i.e., the orbital vector l, then we find that the mobility behaves as follows:
On the other hand when V is perpendicular to l the gap axis, 1.e., the orbital vector Z, we find the following behavior:
In Eqs. (11) and (12), flAl_ is larger than !lA;;· Because there are more quasiparticles moving into the direction of the gap axis, i.e., the \·ector l, than the direction perpendicular to it, one would expect the mobility has a maximum when the drift velocity is perpendicular to the gap axis.
Near T=O with find that ( 
The Y integration yields 27!' 112 (1 + (1/2) 1V) exp (-(1/2) 1V) by assuming () ( Y, k 1 ) to be a constant, 0", independent of all angles. The integral (14) can be evaluated to order e-84 by a parametric differentiation with respect to e-84 .
Then as (3---+co, we treat e-84 to approach zero at the lower bound and neglect e-84 at the upper bound of the W integrated result. The result is as follows: (15) Then we find the following behavior of the mobility f1 near T=O: 
the experiment. This discrepancy may be due to the neg-lected· angle and energy dependence of the differential cross section, because we take only the S wave part in the differential cross section in the normal liquid 3 He.
and
Then the solution of the Schri:iclinger equation of the quasi-particle in the superfluid state is given below as the distance from the ion goes to infinity:
I() (A· 9) also guarantees the finiteness of the differential cross section dG / dQ = (j (0, cp), as the t-matrix approaches zero and E goes to zero.
